Abstract
Introduction
The gap between on-farm cocoa yields and research station yields in West Africa is excessive. Average yields across West Africa are under 500 kg per hectare while on-station trials typically reach between 2,000 kg and 3,000 kg per ha. With nearly all of the forest gone in West Africa, closing this yield gap will be fundamental to the future growth of the sector and the conservation of rapidly dwindling West African forest resources. In late 2002 a pilot extension program was initiated for cocoa farmers in Côte d'Ivoire, Ghana, Nigeria, and Cameroon drawing upon the successful experiences in Indonesia with the farmer field school extension method. This study reports on the preliminary impacts of farmer field school training on management practices, cocoa production and the frequency of child labor participation in hazardous tasks among households trained in 2003 in Ghana.
What is sometimes referred to as the "transfer of technology" (ToT) method, was used with great success in South and Southeast Asia for the dissemination of high yielding irrigated rice and wheat seed-fertilizer technologies in the 1970s and 1980s (Byerlee & Pingali,1994) . However the success of this approach in Africa has been limited (Hagmann, 1999) . In fact the failure of extension approaches in Africa has resulted in budget cuts for both agricultural extension and research. Pretty (1995) believes that a top down linear approach to extension has led to rigid bureaucracies and prevented systematic learning. Mettrick (1993) points out that in industrial countries like Germany or the USA, the ToT approach was not usually part of the rural transformation process which was rooted in the emergence of rural populism and strong farm lobbies in the late 19 th and early 20 th centuries. Organizations such as the Grange Movement and the Farmers' Alliance in the United States were able to control the direction of research and extension. In West Africa, the organization of farmers as a force able to articulate demands in the political arena is just starting to emerge. To address this socio-political and institutional void, academics mainly in Britian and Europe have called for a new paradigm of research and extension (Chambers, Pacey, & Thrupp, 1989 , Chambers, 1993 Scoones & Thompson, 1994; Pretty, 1995; Bauer, 1996) , The essence of the proposed paradigm was to put the farmer first and work to develop his or her knowledge in a participatory process with extension and research. Out of this new thinking emerged the farmer field school discovery learning approach which encourages field observation and experimentation, usually in support of integrated pest management (IPM) practices. The approach was originally developed for the integrated management of rice pests in Indonesia in 1989 but has since been broadened in its objectives. Most FFS today strive to empower farmers through the development of their technical, as well as social capabilities (van der Burg, 2004) .
The International Institute of Tropical Agriculture (IITA) organized and conducted a FFS training and curriculum development workshop for master trainers from the four above mentioned countries in March 2003. At this workshop, in addition to the training of master trainers and the development of country action plans, the core elements of the farmer field school curriculum were developed. Researchers from the Cocoa Research Institute of Ghana (CRIG) and other national institutes provided the scientific backstopping underlying the curriculum. The curriculum targets the integrated management of the cocoa cropping system to ensure sustainable and socially responsible production through experiential learning. There is a strong focus on the control of black pod disease but attention is also given to the problem of capsids, post harvest techniques, and social issues such as the use of child labor.
The program was initiated with 30 schools and 30 facilitators in the Atwima district of Ashanti region in the first year. Following 3 1/2 weeks of training, community facilitators selected by farmers themselves, were ready to begin the farmer field school. Farmer training occurred on a biweekly basis with the total number of training sessions ranging from 11 to 15 per school. The average session would last four hours. Participants attended an average of 12 sessions from March through the end of the harvest in December. Each school consisted of the facilitator, who was paid a small stipend and its members. The optimal size of the field school is considered to be 25 participants, but because of excessive demand for cocoa extension, the 2003 average number of participants per school was 28. Working in groups, the initial step of each field session was to conduct an analysis of the cocoa agro-ecosystem where farmers would observe and discuss dynamics of the cocoa's ecosystem and the crop development. Simple experimentation protocols such as the black pod disease zoo helped farmers improve their understanding of ecological functional relationships such as the impact of humidity on disease development. Over the course of the growing season, the new practices were applied by the trainees on 15 trees of the school farm and compared to 15 trees managed according to farmers' standard practice. Each session, the ripe pods, diseased pods and rodent attacked pods were harvested and added to a running total from the previous session. At the end of the field school the differences in results from the improved and unimproved plots were analyzed qualitatively by the farmers.
One of the problems in developing a curriculum for adult education on Integrated Crop and Pest Management for any agricultural commodity is the location-specificity of agronomic and natural resource constraints. For instance there is a much lower incidence of cocoa black pod in Ghana as compared to Cameroon and Nigeria. As such, the initial Ghanaian training of trainers included less blackpod training with a focus instead on other subjects deemed to be important for Ghanaian cocoa farmers. These extracurricular topics included soil fertility management, mistletoe (Loranthus spp.) management, cocoa tree thinning, and postharvest issues. The facilitators were exposed to these topics by CRIG researchers at the training of trainers.
The main focus of this study is the extent to which crop management practices, production, and pesticide use changed in 2004 among the cocoa farmers of Atwima District in Ashanti region following their participation in the 2003 FFS. The objective is to document changes in cocoa management practices and structural changes in the cocoa cropping system that have occurred as a result of farmer training using a field school approach. The intended purpose of the study is to contribute to the further refinement and adaptation of a farmer field school extension approach applied to the cocoa farming systems of West Africa.
Methods

Survey Sample
To achieve the study objectives, a survey was conducted in February 2005 with a randomly selected sample of 2003 FFS participants and a randomized control sample of nonparticipating cocoa farmers. A simple random sample was drawn from the 829 cocoa farmers enrolled in the 30 field schools of 2003. The sample size was n= 225 and the sampling proportion 27%. A second random sample of 165 farmers was drawn from the population of nonparticipating cocoa growers living in the same villages where the STCP farmer field school programs took place. The differences noted in management practices between the two groups are attributed to the new knowledge gained through the discovery learning exercises of the field school. We are aware of the potential bias due to farmer to farmer knowledge diffusion which would tend to underestimate the program's effects on the individual farmer to the extent that the control group farmers benefitted from farmer to farmer diffusion process. However, we argue that the probability of this bias was slight due to the short interval between the introduction of FFS in 2003 and the observation of practices in 2004. Simpson and Owens (2002) and Federer, Murgai and Quizon (2004) also point out that the abstract knowledge underlying some of the technical changes associated with FFS often encounters difficulty in diffusion. On the positive side, selecting control farmers from the same village eliminates biases due to inestimable village effects such as microclimate, soil type, and pest and disease pressure (Deaton, 1997) .
The sample cluster size per locality for non-participants was directly proportional to that of the participant cluster size:
Where:
n i nonpart = the clustered subsample of non participants from the locality of farmer field school i, and, n i part = the subsample of participants from the locality of farmer field school i.
The survey teams constructed lists of nonparticipating cocoa farmers for the given locality through interviews conducted with local buying depot agents, chiefs and village elders. As the interest was in cocoa producers with mature, producing cocoa farms, only farmers selling cocoa were included in the sampling frame. All 30 farmer field schools were represented in the random sample with the sampled number of participants per school ranging from five to 21. The field research was conducted in February 2005 and focused mainly on farmer practice during the 2004 growing season. Data collection was conducted through structured interviews with cocoa farmers using a questionnaire and the data were entered and analyzed using Excel and LIMDEP software packages.
Variable Measures
The analysis revolves around the statistical comparison of FFS participant and non-participant farmers in terms of their production practices and outcomes in an effort to discern the impact of field school training. The principal demographic variables compared include: EDUC i defined as the number of years of schooling attained by the cocoa farmer; GENDER i defined as the gender of the cocoa farmer equal to 1 if male, 0 if female; HH_LABOR i defined as the adult male labor equivalents per household i, where children aged 9 to 17 years are equal to 0.6 adult male equivalents, men aged 18 to 54 years are equal to one adult male equivalent, women of the same age are equal to 0.9 adult male equivalents, and men and women over the age of 54 are equal to 0.7 adult male equivalents.
The principal crop management variables analyzed include: PROD04 i defined as the quantity of cocoa produced sold in the 2004/2005 cocoa season by household i; PRUNE i defined as the number of prunings conducted in the 2004 cocoa season by household i; WEED i defined as the number of weeding conducted by household i; and SHCROP i defined as equal to one if the cocoa farmer obtained the cocoa farm through a sharecropping arrangement, zero if not. The quality and quantity of the cocoa treestock was measured by the age-differentiated variables HYBRID i and NHYBRID i . HYBRID i is defined as the number of hectares planted to F1 hybrid cocoa obtained from the seed production unit of the Cocobod, the state marketing board. NHYBRID i is the number of hectares planted to non-hybrid cocoa
The levels of agronomic inputs are key determinants in determining output. The number of kilograms of fertilizer applied is measured by FERT i . The number of fungicide applications was measured by FSPRAY i . and the number of insecticide applications by INSPRAY i . We also examine the impact of the distribution of hybrid cocoa pods by the FFS program on new plantings of cocoa.
Data Analysis
Mean differences between groups were tested for significant differences using Chi-Square Tests and Student's t-tests under the assumptions of normality and homoskedastic variance. A comparison of means between the two groups is not sufficient for establishing the impact of the farmer field school if there are situational differences in farmer field school participants and the 165 * ) 225 / ( part i nonpart i n n  control group. If, for instance FFS participants had more productive tree stocks because of a higher proportion of hybrid material, then their yields could be higher independent of any FFS training effect. To avoid these confounding effects, multivariate regression analyses of production were conducted for both participants and non-participants. These models are tested for structural differences with a Chow test for structural change in model parameter. The regression models for both groups were specified as: We hypothesize that the cognitive ability of the producer, proxied by the number of years of schooling EDUC i , will have a positive effect (b 1 >0) on the output of cocoa. Given women's lack of access to extension and other services we expect that b 2 >0. The supply of household labor and the pruning of the cocoa farm are expected to both positively affect output, (b 3 >0, b 4 >0). The impact of weeding on cocoa production is expected to be nonlinear, that is, initially increasing (b 5 >0) and then decreasing (b 6 <0). High-yielding cocoa farms with well-developed cocoa canopies require only a minimal weeding of the under story. Low yielding cocoa farms with poorly developed canopies often require multiple weedings. We expect that acquiring the cocoa farm through a sharecrop arrangement will have a negative impact on production (b 7 <0) as sharecroppers typically receive the lower yielding portion of the farm as payment for their labor in creating the cocoa farm. The per hectare yield of young F1 hybrid cocoa is expected to exceed that of non-hybrid cocoa of a similar age, (b 8 >b 10 >0), based upon the findings of Edwin & Masters (2005) . Similarly, the per hectare yield of mature F1 hybrid cocoa is expected to exceed that of non-hybrid cocoa of a similar age, (b 9 >b 11 >0). An increase in the application frequency of insecticides and fungicides is expected to increase production. However, we hypothesize that the application by government spray gangs is less effective than when the individual farmer applies, therefore we expect b 13 >b 12 >0 and b 15 >b 14 >0. Finally we hypothesize a linear fertilizer positive response to the application of fertilizer, b 15 >0.
Results
Demographic
The participants in the FFS were slightly younger than those in the control group and had significantly more schooling (Table 1 ). Although the difference was not statistically significant the mean proportion of women cocoa farmers was 8 percent greater among the non-FFS group. About four out of five cocoa farmers interviewed were household heads, the remainder were spouses of the head of household. Over ninety-seven percent of the cocoa farmers indicated that their principal occupation was agriculture with the commercial production of cash crops cited most frequently as the principal type of agriculture. There was no difference in occupational status of the cocoa farmer between the groups.
The age distributions between the participant and non-participant household samples are statistically indistinguishable, although participant households were approximately 10% larger (0.6 more persons) in terms of the number of household members (Student's t = 2.05, prob. = 0.04). Approximately one in four of the cocoa farmers interviewed had migrated to their current residence with no appreciable difference between FFS participants and non-participants. Among the enumerated migrants, approximately one-third originated from the Northern Region and approximately one-third were from either the Brong-Ahafo, upper East, or upper West regions. Six of the migrants interviewed came from Burkina Faso (4), Togo, and Benin. 
Farm Management
No significant differences in the mode of land acquisition were noted between FFS and non-FFS farmers. However there was a clear difference between the migrant group and the native people of Atwima District. Over three-fourths of the migrant respondents (versus one in ten native residents) indicated that they had acquired their land rights through a "sharecropping" arrangement with the landowner (Table 2 ). This arrangement entails the transformation of either bush fallow or forest land into a cocoa farm. The most typical arrangement is that the landowner provides the land, and any purchased inputs needed, while the sharecropper provides the labor for clearing, planting, and general maintenance until the farm begins to produce cocoa. Once the cocoa farm is productive it is divided into shares between the landowner and the sharecropper. At this time, the share allocated to sharecropper is his/her remuneration for having developed the farm. In contrast, land acquisition by inheritance was cited by over three-fourths of the cocoa farmers with their ancestral origin in Atwima versus only 10% of the migrant group. There appeared to be little structural difference in the cocoa systems of the two groups. The only significant difference was in the area planted to hybrid cocoa with field school participants reporting approximately one-quarter of their farms planted to improved hybrid cocoa materials, which was significantly higher (P < 0.05) than that reported by the non-FFS farmers (Table 3) . Relative to the age structure of cocoa farms elsewhere in West Africa, the cocoa farms of Atwima District are newly established with over half of the productive acreage less than 10 years old. Overall insecticide applications by farmers were more frequent than fungicide applications and no statistical differences were noted in the frequency of application between the target and control groups. In 2002, government sponsored spray teams were sent out to treat farmers' cocoa fields with both fungicides and insecticide free of charge with the exception of the cost of the fuel for the motorized sprayers. Because of the atomized nature of the cocoa industry in Ghana, some producers failed to benefit from the program. Among survey respondents, 64% and 20% had their farms treated with insecticide and fungicide respectively by the government program in 2004. Independent of the government program, 54% of the respondents applied insecticides and 18% applied fungicides on their own initiative. Of the 82% who did not apply fungicides, approximately half indicated that cocoa black pod disease was not a problem (Table 4) . For insecticides, the most common reason for not spraying was a lack of financial means with a significantly larger response given by non-FFS farmers suggesting fewer financial resources. This was the second most common response for fungicides as well. The overall differences in reasons given were statistically significant only in the case of insecticides. Pruning is practiced in Ghana, in order to: (a) remove the parasitic mistletoe plant which grows in the upper canopy of the cocoa tree, (b) improve airflow leading to lower disease pressure from black pod, (c) remove diseased or dead tree stock and (d) improve the plant architecture to facilitate crop management. Field school participants pruned their cocoa an average of three times annually, versus two times for the control group (Table 5 ). Both groups of farmers reported pruning essentially their entire farm. In the FFS, discovery learning protocols such as the disease zoo are intended to lead farmers to an understanding of the factors influencing the development of cocoa black pod disease. This includes the source of disease inoculums and their proper removal. The main source of disease is infected pods. As seen in Table 6 , prior to the farmer field school training the most common practices were, either to remove the infected pod and throw it on the ground, or to do nothing at all. Following training the vast majority of farmers indicate that they now remove the infected pods from their cocoa farms after harvesting as compared to the control group for whom only a small minority were aware of recommended practices. As a service to the farmer field school groups, STCP acquired a limited number of improved hand pollinated F1 hybrid cocoa pods from the Cocoa Services Division of COCOBOD, which were then distributed to farmers. Normally farmers wishing to plant hybrid cocoa must travel to the nearest seed production facility of the CSD to acquire the cocoa pods, which for farmers facing poor transport infrastructure can easily take up the whole day. STCP was able to use the structure of its farmer field school groups to determine collective demand, and then facilitate the delivery of cocoa pods. By bringing the hybrid pods closer to the farmer a substantial increase was noted in the number of farmers planting F1 hybrid seedlings.
In 2004, 54% of FFS participants indicated acquiring F1 cocoa pods versus 16% of the control group farmers. Among the FFS participants receiving F1 cocoa pods, seven in 10 received them through the facilitation of the STCP program. In both 2003 and 2004 FFS farmers received significantly more F1 hybrid pods and transplanted significantly larger quantities of F1 hybrid seedlings as compared to the non-participant control group. The large difference between these two groups can be attributed to advocacy in the field schools for using the best possible planting materials and as well the facilitation provided by the program. Table 7 provides the summary statistics for the variables of the regression model of production for the FFS and control groups. Looking at the structural variables such as farm size or the amount of household labor we find very few significant differences. This suggests that selection bias may be minimal in our particular case study. Regarding management variables such as weeding and pruning there was a higher frequency among FFS participants. The proportion of cocoa farmers indicating they had acquired their land via a sharecropping labor exchange was also greater among the FFS farmers.
OLS Production Regressions
To test for structural differences in cocoa production technologies across the two groups a Chow test (Greene 1993, p. 212) for overall parameter stability was conducted. The F statistic for testing the restriction that the coefficient vectors for the two groups are the same was F[17,253] = 2.04. The tabled critical value is 1.62 for 5 percent significance, so we would reject the hypothesis that the coefficient vectors are the same for the two groups. Therefore, discussion of the results that follows focuses on the group regressions. All three regressions were beset with heteroskedasticity and a consistent procedure for estimating standard errors was implemented. The coefficient of determination was relatively low, which is not uncommon for cross-sectional studies (Table 8) . One of the striking differences between the two regressions is the effect of the education level of the cocoa farmer on production. For FFS graduates the number of years of education was significant and positively related to output. For the control group, years of education had no significant effect on output. One interpretation of this result is that formal education becomes important when combined with adult education programs such as the farmer field school. Another noteworthy result is the difference in the magnitudes of the coefficients on the tree stock variables. The coefficients for young and mature hybrid cocoa were larger for control farmers, whereas the coefficients for young and mature non-hybrid cocoa were larger for FFS farmers.
The coefficient on SHCROP, the dummy variable indicating that the farm was acquired by an exchange of labor to create the farm for half of the farm developed was negative. This could reflect the fact that when the landowner divides the farm, there is a tendency to keep the better land and allocate the less productive share to the sharecropper (Kasanga & Kotey, 2000) .
The pesticide spraying frequency variables also had differential effects. In the control group regression there were no positive significant effects. Indeed the estimated coefficient for government fungicide spraying was negative and significant. In contrast, three of the four pesticide variables had a positive and significant effect on production in the FFS regression. As the intensity of pesticide application was not found to differ across the two groups this finding suggests that pesticides applied on the farms of FFS participants had considerably greater effect than among the control group farmers. Significance levels: * P<0.10, ** P<0.05, ***P<0.01
The coefficient of G_ISPRAY was considerably larger than the coefficient of F_ISPRAY. This suggests that farmers applying insecticides on their own were considerably less effective relative to the government spray gangs. This could be due to the wider collective nature of the government spray program where all farms in a given locality sprayed within a few days in an effort to prevent the capsids from just flying to the adjacent non-treated cocoa. Alternatively, it may reflect spraying at inappropriate times by the farmer.
To estimate the net impact of farmer field school training under the assumption that the differences between the control and FFS group regression coefficients are attributable to training, we calculated the estimated production for the representative FFS producer using the control group regression model. Doing so results in an estimated output of 278 kilograms of cocoa, which is 38 kg less than the actual output achieved with the FFS model. On this basis, it would appear that the farmer field school resulted in a net production increase of 14% for the 2003 Ghana participants relative to predicted control group results.
Discussion
One of the striking demographic findings was the high proportion of women involved in cocoa farming in this sample, accounting for one-fourth and one-third of cocoa producers interviewed in the FFS and control group sub-samples, respectively. The coefficient on the gender variable for the FFS group regression, although not robustly significant suggests that men benefitted more from FFS training. As the roles, responsibilities, and household decision making autonomy of women in rural Ghanaian society differs considerably from men, these differences need to be considered when designing technology dissemination approaches.
The most important agricultural factors of production in rural West Africa are land and labor. FFS households had a significantly larger share of hybrid cocoa land. Edwin & Masters (2005) in a study from the same area found an increase of approximately 250 kg per hectare on lands planted to hybrid cocoa relative to "traditional" varieties under average farmer management. The program was successful in developing a brokerage service for facilitating producer access to hybrid cocoa pods. Facilitating access to hybrid cocoa pods in combination with a training emphasis on nursery management and replanting are logical next steps for the further development of the Ghanaian FFS program.
Farmers in FFS are exposed to new methods of discovery including observation and simple experimentation. These methods are used to develop their understanding of cause and effect concerning agronomic problems and to illustrate the importance of field management practices such as pruning, shade management, and proper phytosanitary control. Significant changes in farmer management for all of these practices were noted. David (2007) in an evaluation of farmer knowledge among Cameroonian cocoa FFS participants and a control group found that knowledge of these practices was significantly enhanced by farmer training. However, one management issue currently neglected by the FFS curriculum in Ghana is the issue of rational pesticide use by individual farmers. The program had supposed that there was no need to emphasize rational pesticide use since there was a government program which intended to spray farmers cocoa farms. However, the study revealed that less than two-thirds of all producers participated in the government spraying program and independent of the government program a majority of farmers applied additional pesticides funded out of household savings. In the regression analysis it was noted that the marginal impact of an independent spraying of insecticide was considerably lower than a government spraying. This rather surprising result suggests that producers were less efficient than government spray gangs. One area of farmer practice, that requires attention may be the timing of insecticide application for the control of capsids. One third of FFS farmers were spraying during the major fruit setting period which might affect successful pollination by midges. More consideration should be given in the FFS curriculum to dealing with rational pesticide use.
The objective of the disease zoo protocol is to lead farmers to discover the relationships between disease, humidity and black pod disease development. This understanding is then reinforced by learning protocols on phytosanitary harvesting and shade management. In the former, farmers discover the importance of proper removal of sporulating cocoa pods. Whereas prior to FFS training the majority of farmers left sporulating pods either on the tree or on the ground within the cocoa farm; following training the majority indicated that they removed these sources of disease from the farm. The protocol on shade management leads the farmer to recognize situations where excessive shade may be contributing to the development of black pod disease and where too little shade may be contributing to capsid infestation.
The regression models revealed significant structural differences in productive response of FFS trained farmers and control farmers. One striking difference was the production response to pesticide application, with the FFS participants eight times more effective than the control group. In sum, FFS training is estimated to have resulted in a net increase in production of 14% among the 2003 participants. To achieve this increase, producers mainly increased their own labor input and indicated hiring more casual laborers. While the survey was unable to accurately determine the actual change in labor inputs, the additional labor costs required to achieve this increase (whether from the family or hired) are a real cost to the producer that should be netted out of the 14% increase in estimated gross revenues.
It is interesting to compare our survey results for 2003 participants with the yield results from the ICPM and farmer practice plots in the Ghana farmer field schools. As of September 2005, the yield on the ICPM plots was estimated to be 41% greater than the farmer practice plots, but required more than a doubling of the labor input. It is unlikely that most farmers would be willing or able to double their labor inputs in order to achieve such a result. Farmers are more likely to selectively apply the set of new practices and knowledge acquired. The corollary is that the productivity gained is likely to be less than that achieved in the field school itself. This explains in part the relatively low production increase seen among 2003 participants. The other explanation lies in the glitches associated with the start-up of the program in 2003 and in some cases a lack of curriculum validation. As the program has matured, these matters have been rectified.
Recommendations
From several different perspectives it is clear that the FFS training received by participants has had measurable impacts on their productive capacity. In support of the significant accomplishments already achieved, several recommendations can be made to potentially improve the performance and impact of FFS training. First of all, there is a need to refine the curriculum to address the specific needs of women producing cocoa. A needs assessment is recommended as a first step in adapting the curriculum or training approach. Secondly, given that the majority of producers were applying insecticides to control capsids, independent of the government spraying program but with lower use efficiency vis-à-vis the government program, training on the safe and rational use of pesticides requires more emphasis. Finally, the facilitation provided by the program in the distribution of improved cocoa planting material substantially increased the area planted to hybrids among participant farmers. This brokerage service is commendable and should be augmented with an additional training on nursery techniques and planting/replanting options.
